Abstract In this paper, we propose the V-index (or, Virtuosity index) as a novel metric to assess the scientific virtuosity of academics. This index can be applied to researchers and journals as well. In particular, we show that the V-index fills the gap of h-index and similar metrics in considering the self-citations of authors or journals. The paper provides with three real-world examples: in the first, we evaluate the research impact of the most productive scientists in Computer Science (according to DBLP); in the second, we assess the virtuosity of the journals ranked in the "Computer Science Applications" section of SCImago; in the last, we apply V-index for the assessment of the 2011 research activity of 130 countries all over the world.
In origin, the h-index has been devised to manage with a number of disadvantages brought by the adoption of single-number evaluation criteria, such as total number of published paper per author, total number of citations collected by an author or by her/his most representative publications, and so forth.
Single-number criteria tend to ignore the significance of published papers, to favor lower productivity or seniority of authors, or to randomly favor or disfavor authors, depending too much from arbitrary threshold parameters [12] .
Not only the h-index (and its several variants [24, 1, 6, 25] ) but also the ratio representing the number of citations per publication [16] can efficiently deal with these issues. On the other hand, both of them suffer from major drawbacks, emerged as effect of their large adoption and highlighted by current literature [2, 5, 20] .
Regarding the citation per publication metric, it is simple to notice that it could be biased towards authors who publish a small amount of papers that acquire a lot of citations -which is not always an indicator of research impact. To this purpose, think about survey papers that seldom contribute to the state-of-the-art of a discipline but, counter-intuitively, tend to be highly-cited papers given the broader audience of readers to which they are directed. In addition, since bibliometric indicators are also applied to assess the impact of scientific journals, the adoption of a citation per publication criterium penalizes journals publishing more research products with respect to those publishing, for example, surveys or reviews.
The motivations underlying the concerns relative to the adoption of the h-index are more subtle and profound. Some of the drawbacks discussed above do not apply to the h-index. For example, it can successfully deal with those authors who publish few highly-cited papers or with those journals publishing few broad interest (potentially highly-citable) works.
Unfortunately, also the h-index is not exempt of drawbacks [5, 27, 3] , to name a few: (i) it does not take into account the number of authors per publication or its order; (ii) it does not consider the amount of years of activity of the given scholar/journal; (iii) it does not take into consideration the scientific field of each given publication/journal and, finally (iv) it can suffer from manipulation because of the selfcitations.
As previously stated, a vast number of variants of the h-index have been proposed during the latest years, to address the shortcomings of the original measure [24, 1, 6] . For example, regarding the issue at point (i), hI-index [4] and hm-index [19] represent an attempt to modify the original h-index taking into account the number of authors per paper. As for the shortcoming at point (ii), age-weighted citation indicators such as AWCR, AWCRpA [13] and AW-index have been recently advanced. Concerning point (iii), a number of works try to assess the impact of the research field and its citation habits on the evaluation of the h-index of authors [4, 2, 24, 14] and journals [20, 1] .
The last point, related to the effect of self-citations on the computation of h-index (and variants) is the core of this paper. First of all, let us formally define the concept of self-citation as follows:
Definition 2 A self-citation c s p→q is any citation appearing in a paper p pointing to paper q, whose set of authors are respectively A[p] and A[q], for which it holds true:
0, i.e., the intersection of authors' sets is not empty.
The quantitative analysis of the phenomenon of self-citations acquired relevant attention only during the latest years [3] . In fact, differently from what stated by Hirsch [12] in the original h-index paper, it has been recently proved that the effect of self-citations on the h-index is relevant and introduces a bias in the evaluation system [10, 23] . Some authors stated that the h-index seems to be quite robust, since in some fields self-citations are less likely to occur [9] . Differently, in some other cases the h-index appear to be heavily biased by self-citations [27, 11] .
During the investigation of this common behavior, a number of different reasonable motivations have been advanced, such that: (i) the phenomenon of self-citation is physiological in "niche" fields, in which only a small number of authors contributes; (ii) it is a natural effect also in "hot topics", trending scientific fields where there is a tight core of publications which tend to be highly-cited by authors working in these fields, i.e., the same who have written these publications [18] ; (iii) it is common in those fields in which the scientific contributions represent small increments of previous existing theories (e.g., physics, biology), where most authors are compelled to cite their previous work to avoid reproducing the same material in further publications.
On the other hand, a number of additional reasons, unlikely to be shared, hold such as: (i) lack of attitude to bibliographical research, replaced by citing own previous works that describe underlying ideas even if are not appropriate to the context of the current work [18] ; (ii) due to the current state of the research which requires indicators to evaluate productivity and impact of scientist, it is disreputable that some scientists inflate their own indexes by means of voluntary self-citations; (iii) considering the context of application of h-index to journals, is a deprecable yet apparently common practice the coercive citation [26] , aimed at inflating the impact factor and the h-index of some journals of doubtful prestige and ethics.
Regardless the motivations underlying the self-citation phenomenon, and the debate in the scientific community concerning its extent, most authors agree that a robust indicator should take into account self-citations. Interestingly, rather than proposing novel metrics, the few attempts to deal with self-citations all tend to filter them out in the global computing of the h-index [21, 18] .
This lack of solutions in the current literature is filled by this work, which represent an attempt to propose a novel metric, called V-index, that tries to better reflect the impact of academics (authors and journals as well) taking into account their tendency to abuse of self-citations.
The rest of the paper is organized as follows: section 2 presents the ideas underlying our proposal (see section 2.1) and, in addition, all the technical details including the mathematical formulation (section 2.2), its geometric interpretation (section 2.3) and some further possible extensions (section 2.4).
In section 3 we present the adoption of the V-index in three real-world contexts, i.e. (i) the assessment of the impact of the most prolific Computer Science authors (according to the DBLP ranking) as of 2011, (ii) the evaluation of the impact belong-ing to the field "Computer Science Applications" of SCImago (to which also this journal belongs), and (iii) the research impact assessment for year 2011 of 130 countries all over the world. Complementary to the quantitative evaluation, a qualitative analysis is carried out in order to clarify which insights and information are obtained by means of the adoption of V-index in addition to the original h-index.
Finally, in section 4 the paper concludes summarizing our contribution and depicting some future potential extensions.
Measuring Virtuosity of Academics

Design Goals
Before providing a formal description of our novel index, we illustrate the main ideas behind it. We start from a real-life example and we use it to derive some "requirements" the metric should satisfy.
Let an academic committee be organized to award a given fellowship, an appointment or a career promotion (or, alternatively, to assess the impact of some journals belonging to a given field) -both these opportunities commonly arise in the academic context. In this context, it is reasonable to assume that a set of potential candidates has been previously selected and the committee assignment is to appoint one (or a few) of these academics with the given award. In the ideal case, the assessment of the merits should be as less unbiased as possible, such that all candidates are equally evaluated with respect to their scientific achievements. A part of the contribution to their evaluation will be probably accounted for their publication records and the relative impact of these works in the scientific community.
The committee would probably exploit one of the existing standard bibliographical indicators so that a quantitative assessment of the impact of the publications is obtained with few effort. In that case, the indicator that could be taken into account could be the h-index, given all the desirable features that it provides (summarized in the previous section). On the other hand, it is well-know that the h-index is not robust enough taking into account self-citations. Hence, it would be more appropriate to adopt a similar indicator that, preserving the desirable h-index features, would weight self-citations penalizing (or, at least, highlighting for further investigations) those authors who apparently abused of the possibility of self-citing their work.
Summing up, we guess that this novel metric should satisfy the following requirements:
Requirement 1 -Relatedness to h-index. Since the h-index is proved to reflect some highly-desirable features, it represents an invaluable tool to assess the impact of academics, and this is essentially testified by its wide adoption. The proposed metric should relate to h-index, providing a reasonable formulation capable of maintaining the original desirable properties of the h-index, but including the ability to deal with self-citations.
Requirement 2 -Reflect the virtuosity of authors. The phenomenon of self-citations has several interpretations. Some of them are reasonable or even physiological. Some others are deprecable and disreputable. On the other hand, there is currently a lack of bibliographical indicators capable of dealing with self-citations (unless, we consider the option of filtering out self-citations as reasonable, that in some contexts could be a viable solution). This implies that our proposed metric should take into account the number of self-citations in order to give a better estimation of the virtuosity of an author. This metric should be able to highlight those authors that, for any reason (which could be further investigated), produced a relevant amount of self-citations.
Requirement 3 -Extensibility to journals. One of the desirable features of the hindex is its extendibility to assessing the impact of journals [20] . The proposed metric should extend the ability of the original h-index of evaluating the impact of journals taking into account the number of self-citations provided by papers published by a given journals to those previously published by the same journal. Since it has been recently put into evidence the spread of the deprecable phenomenon of coercive citations [26] , the ability of highlighting journals whose number of self-citations heavily inflates their impact, appears now a necessity -at least to enable committees for further, more qualitative investigations.
Requirement 4 -Simple computation. Not only the metric should be related to the h-index but also be a function of it, making possible its computation from the original h-index value without the need of the whole citation data. In fact, several citation database services (e.g., Thomson ISI, SCImago, Scopus, etc.) already provide an overall count of self-citations per author or per journal, but is rather more difficult to analyze publication per publication how these self-citations are distributed. For large scale evaluations, such as for example the research assessment of scholars affiliated to a department, it could be even unfeasible (in terms of human efforts) to filter out all self-citations to each publication for each evaluated author. Similarly, in the quest of assessing the impact of journals belonging to a given field, it could be extremely time consuming the process of filtering out the self-citations considering each paper published by each journal involved in the evaluation.
Summarizing, it clearly emerges the necessity for a metric which takes into account the overall number of self-citations per author/journal, in order to assess the impact of self-citations on the evaluation system.
In the following, we present the V-index which represents our attempt to address these requirements.
V-index
Prior to formally define the V-index, in the following we introduce the ratio between the number of genuine citations (i.e., non-self-citations) and overall citations, henceforth called virtuosity rate and denoted as V rate
It is worth to note that the virtuosity rate can be applied to authors as well as to journals 1 . At this point, it is possible to define the V-index as follows:
The V-index (denoted by I V ) it is defined as the square root of the product between the h-index squared and the virtuosity rate
where h represents the h-index, C the overall number of citations and SC the number of self-citations.
Given the previous definitions, for further analysis we here remind the standard definition of a useful indicator know as citation per publication coefficient, C P , that represents the ratio between the overall number of citations and the number of citable documents (of a given author or journal, indifferently), defined as
where CD is defined as the number of citable documents, and C has the same meaning as in equation (1). In the light of the definition of virtuosity rate, we hereby can define the adjusted citation per publication coefficient V P simply as the citation per publication coefficient computed with respect to the virtuosity rate, formalized as follows
The defined index will now be theoretically justified in the following subsection.
Derivation
An intuitive geometric derivation of this index is shown in Figure 1 . In that figure, curve g shows the number of citations per article where the publications have been sorted in decreasing order or citations. Indeed, curve f gives the same value but without considering self-citations. Obviously, the area under g is C, and the one under f is C − SC (whose values are known). Therefore, the ratio between the areas of f and g is just the virtuosity rate, i.e., V rate , as stated in Equation 5 area under f area under
If we denote by h the observed h-index using all the citations C, and define the virtuosity index, I V as the expected h-index without self-citations (whose value is unknown), we could derive the latter assuming that the ratio between the areas of the squares with lengths h and I V present the same proportion than their corresponding citation curves. Equation (6) summarizes the assumption: Obviously, solving for I V , the previous equation leads to our definition of the V-index given in equation (2) .
Another interpretation of this index is given in the framework of Lotkaian systems [8] . As stated in [7] , the variation of the h-index, from h old to h new , considering the removal of a fraction of k sources is computed as h new = h old · √ 1 − k, which exactly matches our definition of V-index, where the sources removed are precisely the set of self-citations.
Possible extensions
The V-index, defined in section 2.2, can be seen as a replacement of the original h-index where a scaling factor, √ V rate , has been introduced as a correction. This correction is a real-valued weight between 0 and 1, computed from the self-citations ratio, and is designed to mitigate their effect over the original index. V-index can also be seen as a reasonable approximation to the h-index without self-citations (see section 2.3 for that derivation). If we forget this theoretical derivation of this index, observing it in this form
we could consider a family of general V-indexes, one for each different values of the function f . Thus, the "canonic" version would be the one where f is the square root of V rate . Obviously not all values of f are reasonable. In fact, f , defined from [0, 1] to [0, 1] should have the following desirable properties:
1. f should be a monotonically increasing function (i.e., given two values
. This is easily verifiable if f (x) ≥ 0, ∀x ∈ [0, 1]. 2. f (1) = 1, meaning that there is no discount if no self-citations are received.
The first property is needed if we want to penalize more the effect of having a greater proportion of self-citations (the opposite would be counterintuitive).
Given those two properties, it can be seen that the (uncorrected) h-index is generalized by this genera V-index, choosing f (x) = 1 (i.e., self-citations are not considered). Other possible values could be proposed for f , falling mainly into two main categories 2 : (i) concave functions, for instance f (x) = x 1/n , n > 1; and (ii) convex functions, like f (x) = x n , n > 1.
A convex function like f (x) = x 3 would highly penalize the occurrence of selfcitations, having only values close to 1 if we move very near 1 (no self-citations needed). For instance, having a V rate of 0.8, 0.8 3 = 0.512, which means that we penalize self-citations in a very strong way.
The set of concave functions, on the other hand, would allow a certain proportion of self-citations, having a negligible effect if this ratio is high (for example
We think that the use of concave functions is more suitable for the problem of down-weighting self-citations. In fact, in any scientific environment, self-citations tend to occur often in a natural way for different reasons [15] (the usual case is that the scientific work of a group or a person is built as an extension or improvement of some previous works).
Experimentation
In this section we illustrate three relevant fields of applications of our novel metric, which are, respectively, (i) the evaluation of the impact of academic authors (section 3.1), (ii) the assessment of the virtuosity of academic journals (section 3.2) and, finally, (iii) the establishment of the impact of the research of countries (section 3.3). In addition, we provide analytical evaluation of the correlation between results and ranking provided by the adoption of our measure against the original h-index, and the h * -index, i.e., the h-index after filtering out the self-citations, publication per publication.
Case 1 -Authors impact evaluation
One of the most common assignments in academia is the evaluation of research impact of a set of authors. The motivations are potentially different, as previously discussed, but a common feature characterizes this task: each author provides a set of scientific publications which should be evaluated in a possibly unbiased way. We believe that the V-index represents an indicator of the impact and virtuosity for authors, measuring better her/his achievements. To show that in this section we show the analysis of the most prolific Computer Science authors (according to the DBLP ranking, as of 2011). By means of this evaluation we will be able to prove that the V-index is a correct and unbiased approximation of the h * -index (which is the h-index that we would obtaining filtering out all the self-citations, publication per publication).
To carry out this experiment we consulted the "most prolific" Computer Scientists list provided by DBLP 3 , as of 2011. Then, for each author appearing in the list, we manually retrieved her/his list of publications, matching her/his profile in Scopus. Together with this list, we thus obtained the total number of citations, and the number of self-citations to all her/his papers, the h-index and the h * -index, i.e., the indicator of the impact of each author with and without considering the self-citations. Retrieved this set of information, we are able to compute our virtuosity rate and the corresponding V-index for each of considered authors. Results related to the top 25 authors are reported in Table 1 .
In detail, we report: the total number of citable documents (CD) and the relative position in the ranking according to this criterium; the number of citations (C), selfcitations (SC) and the citations per publication coefficient C P ; the h-index and the position according to this criterium, together with the h * -index; finally, the virtuosity rate V rate , the adjusted citation per publication coefficient V P and the V-index, together with the ranking produced according to this criterium, and the ratio between the V-index and the h-index, defined as r = V-index h-index = I V h . For sake of simplicity, for this first experiment we discuss the results splitting our analysis in two parts. First, we consider what emerges from the evaluation just reviewing the standard indicators provided by the current literature (e.g., number of publications, citations per publications coefficient, h-index, h * -index). In the second part of our analysis, we discuss the contribution provided by our novel indicator.
The first interesting aspect that comes out from the analysis of Table 3 .1 is that single criteria (e.g., number of publications, number of citations) are not reliable indicators of the overall impact of each author. It is clearly shown that the ranking according to the total number of publications strongly differ from any other ranking based on multiple criteria (e.g., h-index, V-index). Apparently, also the citation per publication coefficient seems not to be very effective in the representation of the impact of considered scholars; in addition, it is evident that this indicator is linearly dependent of the number of self-citations, thus its bias is more marked than that of h-index or h * -index. Indeed, the most interesting insights come from the analysis of these two indicators. For all considered authors, there is a drop in the h-index, after filtering out the self-citations, which ranges from negligible values (≈ 3%) to considerable values (up to ≈ 23%). The average and median drop in h-index removing the self citations are respectively ≈ 10% and ≈ 9%, with a standard deviation σ = 5.7%. Another interesting consideration is that the standard deviation of the h-index distribution is σ = 8.112, smaller than that of the h * -index which is equal to σ = 8.52. This means that h-index is susceptible to fluctuations due to the presence of self-citations. In the light of previous considerations, we can analyze the contribution provided by our indicator. First of all, we study the virtuosity rate of considered authors. The V rate distribution ranges from a minimum of ≈ 64% (which means that more than one third of overall citations are indeed self-citations) to a maximum of ≈ 95%. The average and the median virtuosity rates approximately coincide, equal to ≈ 82%, with a standard deviation of ≈ 8%. This means that in average each scholar self-cites her/his own works for an amount of more or less 20% of overall citations, and provides the remaining 80% of citations to alien works. This is an interesting finding since it recalls the famous 80-20 Pareto principle [17] . Considering the adjusted citation per publication coefficient, it emerges clearly that self-citations largely affect this indicator, in fact the average drop with respect to the non-adjusted coefficient is ≈ 17% (with a standard deviation of ≈ 8%), ranging from a minimum of ≈ 5% to a maximum of ≈ 35%. These results support the concerns raised by the scientific community on the validity and robustness of this indicator to assess the impact of academics.
Thus, we consider the V-index and the ranking produced by our indicator. First of all, we notice that the ranking produced by V-index is slightly different with respect to that produced by the h-index. On the other hand, the ranking produced by V-index is absolutely the same of that produced if we would rank authors with respect to the h * -index, i.e., by filtering out the self-citations.
Interestingly, to produce the V-index we only require the overall number of selfcitations, while to produce the h * -index we must be aware of the distribution of self-citations among the whole set of publications. Since this information in seldom available, and its acquisition is time consuming, we argue that the utility of the V-index would be very high if we could prove that the distribution of values produced is correlated to that produced by the h * -index.
To do so, we measure the correlation between these two distributions by means of the Pearson correlation coefficient, defined as
whose results lie in the interval [−1, +1]. The higher the value of ρ X,Y , the better two distributions are correlated. We recall that the Pearson correlation coefficient tells us whether the two distributions X and Y are deterministically related or not. Obtained results are quite thrilling: the correlation coefficient computed between the V-index distribution and the h * -index (i.e., the h-index obtained filtering out the self-citations, publication by publication) is equal to ρ I V ,h * = 0.997. It emerges an extremely strong correlation between the two distributions, testified by a p-value reporting a significance level of p = 2.33 × 10 −28 (therefore showing a strong significance of the previous correlation value).
We conclude this analysis reporting that the standard deviation of the V-index distribution is σ = 8.25, lower than that of h * -index and that the average ratio between V-index and h-index is ≈ 91%, with a standard deviation of ≈ 4.4%.
In the quest of avoiding discussing the per-case author, it is worthy to note that, even if there are not big distortions in the ranking, some authors advanced of few positions thanks to their virtuous behaviors, while some authors lose some positions being their virtuosity rate much smaller than direct competitors. The picture provided by the V-index leaves space for further qualitative investigations on the motivations of such tendency to self-cite or not own works, and it comes at no cost.
Case 2 -Journal impact assessment
The second example provided in this work is based on the evaluation of virtuosity of scientific journals. To this purpose, we selected the set of journals belonging to the category "Computer Science Applications" of the SCImago Journal Ranking [22] to which also this journal belongs. This category, as 2011, contains 194 journals with heterogeneous and broad topics (e.g., bioinformatics, computational methods applied to different fields, information systems, bibliometrics, and much more). Each journal is provided with a series of statistics, summarized in Table 2 for the top 25 journals, such as the total number of citable documents (CD) -and the relative ranking; the number of citations (C), self-citations (SC) and the citations per publication coefficient C P ; the h-index -and the relative ranking. We report in addition all statistics related to the V rate , V P and V-index -and the relative ranking -, and the ratio between the V-index and the h-index.
The first important difference that emerges with respect of the previous experiment is that there is not any reference to the h * -index. In fact, in this case there is no actual knowledge on the distribution of the citations among papers published by Table 2 Top 25 "Computer Science Applications" journals, reporting citable documents (CD), citations (C), self-citations (SC). Journal names are abbreviated using the standard ISI nomenclature.
each journal, and indeed there is not a practical way to infer the h * -index, i.e., the h-index obtained after filtering out the self-citations to each paper published by any given journal.
In this context, the power and the utility of the proposed indicator is clear: we can produce a statistically significant prediction of what would be the h-index of each journal if we would filter out the self-citations (of each published paper by all journals), by means of our V-index.
The assessment is straightforward: single criteria indicators fail to reflect journals impact (note the fluctuations in the ranking proposed by the number of published papers, or the overall citations). Similar considerations hold in the case of the citation per publications coefficient -some journals with high values lie in the middle of the ranking according to h-index based indicators.
In this case, we highlight that the ranking produced by the V-index is in agreement with that produced by the h-index: a small number of papers gain or lose few positions in the ranking, according to their heightened or lessen tendency to self-citations.
In practical contexts, the V-index can be adopted as a simple and efficient tool to identify scientific venues that are potentially involved in the deprecable practice of coercive citations [26] , with the aim of inflating their impact factor and h-index.
Being our V-index a statistically significant prediction of the h * -index we can proceed as in the previous case providing some statistics regarding the virtuosity of the considered journals. Similarly to the assessment in the case of authors, regarding journals there exists a drop in the h-index with respect to the V-index that ranges from a minimum of ≈ 2.5% to a (potentially alarming) maximum of ≈ 22%. Even though, in case of journals the average and median drop are respectively ≈ 7.3% and ≈ 6.4% with a standard deviation of σ = 4.7% -lower than that of authors.
Regarding the virtuosity rate, the distribution ranges from a (suspicious) minimum ≈ 62% (which means that more tha one third of overall citations are selfcitations) to a (highly fair) maximum of ≈ 96%, with an average and a median of respectively ≈ 86% and ≈ 87%, and a standard deviation σ = 8.4%. In addition, the average ratio between the V-index and the h-index is ≈ 92% with a standard deviation of ≈ 4.7%. This means that, in spite self-citations alter the h-index and in some case also the ranking of journals, the "average journal" belonging to the category "Computer Science Application" is reasonably not used to the practice of self-citations. It would be of extreme interest to track these habits across different scientific fields (as briefly discussed in the conclusive section).
Concluding, it is worth noting that, since the V-index is computed as a function of the h-index and a convex function of V rate , computing a correlation between them in this case is not meaningful.
Case 3 -Country research assessment
The last case study included in this work is a large scale assessment of research impact for 130 countries all over the world. Data summarized in Table 3 for the top 25 countries, report the same statistics of the previous case.
It immediately emerges that, also in this case, there is no clue regarding the distribution of self-citations -only the overall count is provided. More importantly, in this case it would be extremely complex, without having complete access to a database such as Thomson ISI, or Scopus, to obtain, for each country, the list of authors and relative publications, in order to extract the distribution of self-citations -without even taking into consideration the amount of time required for this operation, even if it would be technically possible.
Interestingly, the V-index is capable of providing additional insights related to habits and virtuosity of countries, at the largest scale perspective, and this possibility comes at no cost.
Considering data reported in Table 3 , it emerges that in this case single criteria seem slightly more reliable. For example, countries with a large research output, represented by numerous publications, tend to have h-index based indicators on average higher -on the other hand there are some interesting outliers (such as Panama, Uganda or Estonia, that have high indexes although the research output, intuitively, is lower).
Taking into account the contribution provided by virtuosity rate and V-index, it is worth to note that some countries appear to be more affected than others. In general, a trend correlating low V rate to large research output can be envisaged (some forms of correlation could be investigated, as discussed in future works). On the other hand, the ranking produced by V-index slightly shuffle that obtained by using the standard h-index. In fact, some countries gain some positions in the ranking thanks to their high values of V rate that tends to reward them with better positions. In general, the virtuosity rate values range from a minimum of ≈ 46% to a maximum of ≈ 89%, with an average of ≈ 76.7% and a standard deviation of ≈ 10.4% -these values are lower than both the previous cases. Concluding, the average ratio is ≈ 87.4% with a standard deviation of ≈ 6.3% (much worse than previous cases), that confirms that on a large scale, self-citations affect more deeply the evaluation system and that V-index represents an invaluable tool to assess the research impact from an empowered perspective.
Conclusions
In this paper presented the V-index, a new metric to assess the virtuosity of academics. The index is devised to take into account self-citations in the computation of the impact of research, rewarding those authors or journals with a lessen tendency to self-citations and penalizing those who abuse of this practice.
The main strength of this indicator is that it does not require any prior knowledge on the distribution of self-citations among publications. We proved that, in absence of any information about self-citation distributions, our V-index represents a statistically significant prediction of the value that the h-index would acquire if we would be able to filter out self-citations from each publication.
We assessed the adoption of V-index in three practical use cases, i.e., evaluating authors, journals and country research impact, witnessing that the V-index represents an invaluable tool to highlight potentially anomalous situations (such as "niche" research fields, coercive citations, heightened tendency to self-citing and so on).
As for future work, two relevant ongoing research lines are here described. The first is related to the analysis of networks of citations adopting the V-index. This would be done, in particular to the purpose of defining in different specific scientific fields the habits of authors and journals. The second is instead oriented to the investigation of the possible existence of some forms of correlation between the V-index and other features, such as nationality of authors, size of the population of countries, scientific fields, etc.
